We present a novel absorption line survey using 54 blue horizontal branch stars (BHBs) in the Milky Way halo as background sources for detecting gas flows at the disk-halo interface. Distance measurements to high-latitude (b > 60
INTRODUCTION
Galaxies like the Milky Way grow via complex processes balancing the supply, consumption, and removal of gas in star-forming regions. Observations of the baryons involved in this cycle are consistent with gas moving in a "galactic fountain" (Bregman 1980) , in which hot gas is ejected from the disk via supernovae, stellar winds, and/or AGN, then cools and rains back down onto the disk to trigger new star formation (Shapiro & Field 1976; Savage & Sembach 1994; Sembach et al. 2003 ). This continual cycling of baryons between the halo and disk plays a crucial role in regulating the supply of fuel for star formation and consequently has a major influence on galaxy evolution.
The varied and complex dynamic mechanisms which drive Galactic baryon cycling are not fully understood, but may be key to answering long-standing questions about how galaxies sustain star formation, why they be-come quenched, and the baryons and metals that are 'missing' from the disks of star-forming galaxies (Tumlinson et al. 2017) . The relative contributions of starformation driven winds in the disk, a biconical wind from Galactic center (Su et al. 2010) , tidal stripping of satellites, and inflowing gas from the intergalactic medium (Brooks et al. 2009 ) are still widely debated (Bordoloi et al. 2014b; Fox et al. 2015) .
The diffuse halo extending from the roughly-defined boundary of a galaxy's disk out to its virial radius -the circumgalactic medium (CGM) -is host to the galactic fountain and serves as a massive reservoir of gas (> 10 10 M for L * galaxies; Werk et al. 2014; Prochaska et al. 2017; Stern et al. 2016; Stocke et al. 2013 ). However, observations of the CGM are challenging because the gas it contains is approximately a million times less dense than the ISM and therefore difficult to detect in emission for single L * Milky Way-like galaxies at all epochs. (Stocke et al. 2013; Werk et al. 2014) . Early evidence for its existence emerged when Münch & Zirin (1961) identified NaI and CaII absorption in the spectra of high-latitude Milky Way stars as a signature of extraplanar gas.
Subsequent work identified halo gas absorption in external galaxies using quasars as background sources (Bahcall & Spitzer 1969; Bergeron 1986 ). More recently, deep HI-21cm observations of gas at the disk-halo interface of both the Milky Way and other external, edge-on spiral galaxies have found a so-called halo lag (Putman et al. 2012, e.g.) . The approximate rate of halo gas rotation decreases with z-height, with a typical velocity dropoff of 15 − 30 km/s/kpc (Fraternali et al. 2002; Sancisi et al. 2008; Heald et al. 2011, e.g.) . This observed halo 2 Bish et al.
lag has been offered as evidence of an infalling gaseous component of the disk-halo interface (Fraternali & Binney 2006) .
Gas at the disk-halo interface is of particular interest because of the rich physical information it contains about material which has cycled through the CGM. Constraints on the content, kinematics, and spatial extent of this material can ultimately point to its origin, but direct detection via emission is possible only for the densest material in the Milky Way halo. Full-sky HI 21-cm emission maps reveal a population of neutral intermediatevelocity clouds (IVCs, 25 < |v| < 90 km/s relative to the local standard of rest) at heights of ∼0.5-3 kpc above the disk (Kuntz & Danly 1996; Wakker 2001; Smoker et al. 2011) . IVCs are found at predominantly negative velocities (Wakker 2001) , and like high-velocity clouds in the halo, their gas is multi-phase (Albert & Danly 2004; Richter 2017; Lehner & Howk 2011; Fox et al. 2014) . They are thought to contain material that once originated in the Galaxy's disk because their metallicities are consistent with that of Milky Way ISM gas, and because ISM simulations find that IVC morphology and kinematics are reproduced by ISM ejecta (Bregman 1980; de Avillez 2000; Ford et al. 2010; Richter 2017) .
The timescales on which this material accretes, and the phase structure of the clouds themselves, are two of the physical properties that can best constrain models of the galactic fountain. However, isolating halo gas from disk gas at the interface is challenging because lineof-sight observations themselves do not provide distance information about the gas, and the two components may overlap partially in velocity space.
Within the last decade, significant advances have been made with improved spectral analysis techniques and the installation of the Cosmic Origins Spectrograph (COS) on the Hubble Space Telescope, which increased the sensitivity of diffuse gas detections by an order of magnitude (Osterman et al. 2009 ). Today, the technique most sensitive to low-density gas along individual sightlines uses spectra of background sources to identify absorption features from foreground gas. These background sources may be quasars observed through the CGM of foreground galaxies (e.g. Werk et al. 2013; or halo stars behind Milky Way CGM gas (e.g. Savage & Wakker 2009; Lehner & Howk 2011; Fox et al. 2015) . Additionally, the "down-the-barrel" technique measures a galaxy's CGM in absorption using its own starlight as a background source, and has been used to study outflows and accretion (e.g. Rubin et al. 2012; Heckman et al. 2015) .
We present an absorption-line survey designed to examine the kinematics, spatial extent, and cloud characteristics of gas at the Milky Way's disk-halo interface. We have analyzed CaII (λλ 3934, 3969) and NaI (λλ 5891, 5897) transitions in absorption along 54 sightlines to blue horizontal branch (BHB) stars with well-constrained heights 3.1 -13.4 kpc above the disk. Because they are approximate standard candles, BHBs provide distances which we use to describe the 3-D spatial extent of the gas. The sightlines are limited to high Galactic latitudes (b > 60
• ) so that radial velocity measurements place the greatest possible constraints on gas inflow/outflow velocities. The excellent resolution of Keck HIRES spectra and the unprecedented 3-dimensional spatial sampling of this survey allow us to place empirical constraints on the physical and kinematic properties of CGM gas flows through the disk-halo interface.
This paper is organized as follows: in §2, we describe the survey design and observations. In §3 we describe our methods for line profile fitting and define subsamples for analysis. In §4 we present the column density and velocity measurements of the gas absorbers in this sample. In §5 we examine how these measurements can place constraints on cloud size and distribution and the implications of our findings for potential origins of the gas we see. In §6 we summarize our findings.
OBSERVATIONS

Survey Design & Sample Selection
Our absorption line survey uses blue horizontal branch stars in the Milky Way halo (hereafter referred to as BHBs) as background sources to study diffuse foreground gas. BHBs are well-suited for this purpose because they have bright, relatively featureless spectra ideal for absorption-line analysis, and as approximate standard candles they have measured distances to within ±10% (Kinman et al. 1994; Sirko et al. 2004; Clewley & Jarvis 2006; Xue et al. 2008; Deason et al. 2011) . We have taken advantage of these properties to obtain kinematic information and distance constraints for gas along sightlines which probe the disk-halo interface of the Milky Way. We observed 56 out of 83 stars meeting the selection criteria described in this section, and ultimately excluded two from our analysis. Figure 1 shows the Galactic coordinates of the sightlines on an all-sky map, along with the approximate boundaries of several large intermediate-velocity HI complexes (van Woerden et al. 2005) . A full list of these targets and their properties can be found in Table 1 .
The sample of background sources was selected from >4,500 BHB stars with accurate distances and velocities in the SDSS SEGUE catalog (Xue et al. 2011) . To verify that we are using the best available distance measurements for the BHBs, we checked the SEGUE distances against the Gaia DR2 catalogue. We found that for all but one BHB, SEGUE distances were more precise be- (Xue et al. 2011 ) is displayed with black points. Targets observed with Keck HIRES for this study are highlighted with star symbols, and were selected to fall at high Galactic latitudes within a cylinder 2 kpc in radius centered on the Sun. Yellow stars indicate BHBs which have also been observed with HST COS as part of a complementary program to study highly-ionized gas in this regime. The red cross marks the Galactic center, and the Sun is marked by the solar symbol. Green shading indicates the approximate extent of Fermi bubbles formed by winds emanating from the Galactic center (Su et al. 2010 ). The three targets at b > 60 • are included here, but do not appear below the dashed line at b = 60 • as viewed from this particular angle.
cause the stars are close to or beyond the ∼5 kpc limiting distance for accurate parallax measurement (Luri, X. et al. 2018) . Since the distance measurements we use only set an upper limit on the distance to the absorbing gas, and most of the gas likely sits close to the disk at small distances (see §4.1), the error on BHB distance measurements does not significantly affect our analysis. Figure 2 shows the distribution of SEGUE BHBs from an edge-on view of the Milky Way. The full set of BHBs in the catalog is marked by small black points, and blue stars show the location of BHBs selected for this study. A subset of these sightlines, shown in yellow, have also been observed with HST COS in the UV and data will be presented in Werk et al. 2019 (in prep) . The Galactic center is indicated with a red cross, and the approximate extent of the Fermi Bubble is shown in green (Su et al. 2010) . The Fermi bubble has been probed in absorption by Bordoloi et al. (2017) using halo stars with known distances, and other work has examined the Fermi Bubble as a potential source of recycled gas observed elsewhere in the Milky Way (Fox et al. 2015; Karim et al. 2018) .
This sample meets several selection criteria. First, targets are bright enough to reach S/N ≥ 10 with Keck/HIRES in less than ∼ 1 hr so that absorption features of interest can be detected. This constraint imposes a g-band magnitude cut of m g < 16.5. Figure 3 shows the distribution of g-band magnitudes for background sources in this work and their distances from the Sun. The distance calibrations are dependent on both g magnitude and (g − r) color (Xue et al. 2008) . Recently, Lancaster et al. (2018) found that roughly 10% of stars in the SDSS BHB sample were contaminant Blue Straggler stars, which are fainter than BHBs and would lead to overestimated distances. We have applied their color Background source magnitudes. The SDSS apparent g-band magnitude of each background source and its distance from the Sun. The sources are blue horizontal branch (BHB) stars, which are approximate standard candles and can be used to constrain the distance to foreground gas along each sightline. Distance calibrations are dependent on both g magnitude and (g − r) color (Xue et al. 2008). cut to the BHB catalog to remove these contaminants.
Second, we excluded background BHBs with radial velocities −80 km/s < v star < 0 km/s so that absorption features of the background star and foreground gas would not overlap. This constraint was determined after an initial pilot study showed that virtually all foreground gas fell within that velocity range (see §4.2 for discussion of these results).
To place robust constraints on the kinematics of gas inflows/outflows, we selected high-latitude sightlines so that measured radial velocities will best constrain the motion of this gas. High-latitude sightlines provide a window into the dynamics of extraplanar gas flows because we can examine the component of line-of-sight velocities normal to the disk. The target BHB sightlines lie at Galactic latitudes b > 60
• , with the exception of three from the initial pilot study at b = 51.4
• , 55.2 • , 57.5
• . Finally, we defined a uniform sampling region in projected x-y space across the disk to allow for comparison of extraplanar gas properties at different heights. Since the disk area spanned by BHBs at b > 60
• increases with distance, spatially uniform sampling requires that the radius of this cylinder is limited by the number of available sightlines at small heights above the disk. To achieve this uniform sampling, we chose sightlines which lie within a cylinder 2 kpc in radius, centered on the Sun and extending 15 kpc into the halo (Figure 2 ).
2.2. Coordinate System BHB distance measurements allow us to adopt 3-dimensional coordinates, rather than sky coordinates, to map the distribution of gas. A 3-D coordinate system is useful for studying flows in the frame of the Milky Way and is typical for Milky Way dynamical measure- R=6 kpc R=8 kpc R=10 kpc Figure 4 . Effect of height assumptions on gas coordinates. An illustration of the change in x-y coordinates for hypothetical gas along each sightline when we assume two different distances to the gas. Open circles mark the coordinates of the upper limit on distance set by the background star. Filled circles, connected by a dashed line, show the location of gas along the same sightline assuming a height of z=3 kpc. The red solar symbol marks the position of the Sun, and lines of constant distance from Galactic center are shown in grey.
ments, but is not often used in absorption studies because distance measurements are rarely available or are too imprecise. Throughout this paper we use a Cartesian coordinate system in our discussion of the position, scale and kinematics of gas near the disk. The x-axis extends from Galactic center in the direction of the Sun, y is perpendicular to x in the plane of the disk, and z is perpendicular to the disk such that the system is righthanded, with positive z towards the north Galactic pole. In this reference frame, the Galactic center is at the origin and the Sun lies at (x,y,z) = (8,0,0) kpc. Figure 2 shows an edge-on view of the Milky Way in the x-z plane, and Figure 4 shows a face-on view of the disk with BHB coordinates projected onto the the x-y plane. We note that the BHB distance measurements represent an upper limit on the distance to any gas detected along the line of sight. Therefore any distances inferred from spatial maps of gas absorption are upper limits. To illustrate this point, Figure 4 provides a visual comparison of the x-y coordinates of gas along each sightline assuming two different distances. Coordinates of the upper limit on distance set by the background star are marked by open circles. These are connected by a dashed line to filled circles marking the coordinates of gas along the same line of sight, assuming all gas lies at a height of z = 3 kpc (the motivation for making such an assumption is discussed in §4.1). Although the disk area covered by this survey changes significantly, the results we present remain qualitatively the same regardless of the distance assumed. For that reason, we show only the coordinates corresponding to the background source in all subsequent plots unless otherwise noted.
Keck HIRES Spectra
At optical wavelengths, the HIRES spectrometer (Vogt et al. 1994 ) at the W.M. Keck Observatory can detect relatively weak absorption features of neutral and lowionization species like CaII H+K and NaI D, which trace cool gas (T 10 4 K) (Münch & Zirin 1961; Spitzer 1956 ). Figure 5 is an example of a typical BHB spectrum and shows where the CaII and NaI absorption features fall with respect to the broad stellar Balmer lines. Columns 1 & 2 of Figure 6 show a more detailed view of the CaII K and NaI D 2 absorption features for selected sightlines. We obtained HIRES spectra for 56 out of 83 total stars which met the criteria outlined above. Two spectra with S/N < 6 were ultimately excluded from the sample because signal-to-noise was too low for reliable line profile fitting.
Observations were made over two runs in March 2016 and February 2017, and the instrument setup was chosen to optimize measurement of the CaII H+K (λλ 3934.8, 3969.6Å) and NaI D (λλ 5891.6, 5897.6Å) doublets. We took a minimum of two exposures for each sightline to allow for cosmic ray correction. Exposure times ranged from 300-1800 seconds, depending on the apparent magnitude of the target, resulting in S/N=6-46 per pixel with a median of 16.2 at wavelengths near the CaII doublet and S/N=9-60 per pixel with a median of 21.5 for the NaI doublet. Typical wavelength coverage was ∼3800-8350Å, and when possible we adjusted wavelength coverage of each chip so that lines of interest would fall within the overlapping wavelength range detected by both chips. We used the C5 decker, with the image rotator in vertical-angle mode. The C5 decker provides spectroscopic resolution of 1.3 km/s/pixel and R = 36,000, which corresponds to a velocity FWHM of 8.3 km/s. Raw data were reduced using the HIRedux 8 pipeline code included in XIDL 9 , a data-reduction software package. We used the pipeline to combine multiple exposures for each sightline, calibrate spectra using flats and ThAr arcs, determine slit profiles for each order, perform sky subtraction, and remove cosmic rays. For a more detailed explanation of this procedure, we refer the reader to O'Meara et al. (2015) .
Automated flux calibration of HIRES spectra is difficult and unreliable, so each echelle order was examined by eye for continuum fitting. A Legendre polynomial was fit to each order using the AstroPy-affiliated linetools package
10 , an open-source code for analysis of 1D spectra. After automated calibration and co-adding of all orders was complete, the continuum was again examined and adjusted by hand by placing or moving anchor points in absorption-free regions. The 3934Å CaII K line often coincided with broad Balmer features in the stellar spectrum, in which case the continuum was adjusted to fit out these features and ensure that they did not affect column density measurements during analysis.
Finally, we corrected for cosmic rays, hot pixels, and gaps in the data which had not been removed by the HIRedux pipeline. Each affected pixel was assigned a Figure 5 . Spectrum of BHB used as background source. Keck HIRES spectrum of J1217+2104, a typical metal-poor BHB used as a background source. Flux measurement error is shown in green. Vertical lines mark stellar Balmer absorption features as well as the CaII (λλ 3934.8, 3969.6Å) and NaI (λλ 5891.6, 5897.6Å) absorption doublets used in this work. Note that the CaII 3969.6 line falls within the broad H feature, and that the continuum was adjusted to account for this feature before fitting the CaII doublet. A CCD chip gap falls at 5282-5326Å. The jagged profile of the flux error is due to the blaze function of each order, which results in more flux at the center of the order than at the edges.
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new value equal to the mean of the nearest unaffected pixels on each side.
ANALYSIS
Line profile fitting
For each sightline, we used CaII and NaI absorption features, along with HI 21cm emission measurements from the Effelsberg-Bonn HI Survey (EBHIS), to identify distinct components of gas in velocity space and fit line profiles to them. The features and line profiles discussed in this section are shown in Figure 6 for CaII K (λ 3934Å), NaI D 2 (λ 5891Å), and HI 21-cm along several sightlines.
Ca II and Na I absorption
We fit line profiles to the CaII H+K (λλ 3934.8, 3969.6 A) and NaI D (λλ 5891.6, 5897.6Å) doublets in order to measure gas velocity v, column density N , and Doppler b parameter b D . The Doppler parameter is a measure of line width, and reflects line broadening caused by both thermal and non-thermal processes. The wavelength range spanned by each absorption feature and initial guesses for the fit parameters were determined by hand using the PyIGM IGMGUESSES GUI 11 . Individual inspection allowed us to use priors of narrow velocity width and mask regions of severe blending when fitting multiple velocity components, which was crucial for obtaining good fits since all absorption features were fit independently of one another. These initial guesses were then passed to a fitting routine that uses the Markov Chain Monte Carlo (MCMC) technique as implemented in the Python package emcee (Foreman-Mackey et al. 2013 ) to calculate posterior probability distribution functions (PPDFs) for each model parameter. We assume 11 https://github.com/pyigm/pyigm that the logarithm of the likelihood function is equal to the distribution of χ 2 /2, adopting uniform priors over the parameter ranges 0.5 < b D < 75, 8 < logN < 13. We use Markov Chains produced by 50 walkers taking 500 steps, with a burn-in of 150 steps. We report the median and ±34th percentiles of the marginalized PPDFs as the parameter values and uncertainty intervals for each parameter, respectively.
Once the heliocentric velocities were determined by the MCMC fitting routine, they were corrected for motion relative to the Local Standard of Rest (LSR) along each sightline, so that gas which is moving at the LSR has v LSR = 0 km/s. All velocities in the following discussion are defined relative to the LSR in this way unless otherwise noted. We do not assume rotation for extraplanar gas, as any effects from rotation or halo lag are orthogonal to the inflow velocities we observe. Because our sightlines are at high Galactic latitudes (b > 60
• , except three at b = 51.4
• , 55.2 • , 57.5 • ), Galactic rotation effects are not significant for line-of-sight velocities in this sample (Wakker & van Woerden 1991) . For the 48/54 sightlines at b > 70
• , Galactic rotation introduces < 5% error in velocity, and for the remaining six sightlines at 50
• < b < 70
• the velocity error is < 12%. The inflow velocities we measure vary by considerably more than 12%, which means that the trends we observe are not due to rotation effects. Lastly, if no absorption was detected, noise in the spectra near the wavelength of the line was used to calculate 2σ upper limits on equivalent width and column density. Across all sightlines, the column density detection limit had a median logN of 10.97 cm −2 for CaII and 10.58 cm −2 for NaI.
HI 21-cm emission
For purposes of comparison to the more complete observations which have been made in HI 21-cm emission, we obtained data from the Effelsberg-Bonn EBHIS HI survey (Winkel et al. 2016 ) and analyzed , and HI 21-cm brightness temperatures measured nearest those sightlines (column 3) from the EffelsbergBonn HI Survey (Winkel et al. 2016) . Flux measurement errors for CaII and NaI are shown in red. The velocity range and absorption features associated with ISM gas (|v| < 25 km/s) are shaded green; otherwise positive velocities are shaded red and negative velocities are shaded blue. Regions near the stellar radial velocity and any associated absorption are highlighted in yellow if they fall within the window of the plot. While the spectra show stellar CaII absorption in some cases, they rarely show stellar NaI absorption. Almost all absorption detected outside the ISM velocity range is blueshifted, indicating a gaseous component moving towards the disk at approximately −75 to −25 km/s. The full set of line profile fits is included in Appendix B.
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HI emission for positions closest to each BHB sightline. The positions do not precisely match our BHB sightlines because of differing spatial resolutions; the effective beam size for EBHIS is 10.8 compared to the 1.0 slit used for HIRES observations (Vogt et al. 1994) . The spectral resolution of EBHIS is ∼1 km/s. HI brightness temperature profiles were inspected by eye to obtain initial guesses for line profile parameters and determine the number of distinct emission features in velocity space. These components were fit simultaneously to a Gaussian mixture model, which determined the best fit with the Levenberg-Marquardt damped least-squares algorithm using the SciPy curve fit optimizer (Millman & Aivazis 2011) . Note that since HI is detected in emission rather than in absorption along BHB sightlines, the upper limits on distance provided by background sources for CaII and NaI do not apply to HI.
Isolating Absorption Signatures of the Galactic
Fountain The distances to BHBs set upper limits on the distance to any intervening gas clouds along the line of sight. Because absorption could originate from gas anywhere along the sightline, extraplanar flows can't be distinguished from the Milky Way ISM concentrated in the Galactic disk using only the upper limits on distance available to us. However, extraplanar gas flows do exhibit kinematic signatures that allow us to differentiate them from Milky Way ISM gas.
In order to isolate absorption features associated with Galactic inflows/outflows and examine their properties, we separate absorption lines into two distinct velocity components: 'ISM' (velocities consistent with the Milky Way's interstellar medium, |v| < 25 km/s) and 'IV' (Intermediate Velocity gas, |v| > 25 km/s). The first is a component we associate with the Milky Way ISM; this is gas moving within ±25 km/s of the local standard of rest. Any gas outside this velocity range is not likely to be part of a coherent rotating disk, and may be associated with extraplanar gas flows. This so-called IV gas component is often defined as 35 < |v| < 90 km/s, but this range is somewhat arbitrary and the cutoffs are often adjusted based on the gas velocities of features being considered (van Woerden et al. 2005) . In this work we do not detect any gas at |v| > 75 km/s, and find that adopting a cutoff at |v| = 25 km/s for ISM gas best reveals the trends in these data.
It should be noted that interpretations of IV gas measurements are seldom clear-cut. At high Galactic latitudes, typical Milky Way disk gas should have low line-of sight velocities, since the bulk of its motion is in the transverse direction. However, any extraplanar gas moving at |v| < 25 km/s cannot be easily disentangled from disk gas (Boettcher et al. 2017; ). Table 2 lists best-fit values for column density N , radial velocity v, and Doppler b parameter b D , which we combine with spatial coordinates from the SEGUE catalog to provide a characterization of IV gas in the halo. Figure 7 shows the distribution of the CaII, NaI, and HI parameter values fit using the methods described in §3.1. Distribution of column density & velocity. Measured column densities (left column) and the z-component of measured radial velocities (right column) for CaII, NaI, and HI. Dashed lines mark the median value for each distribution, and in the right column v LSR = 0 is indicated with a grey line. All ions are dominated by Galactic signals at |v| < 25 km/s (hatched fill), but a significant IV component at v < −25 km/s can be clearly seen (solid fill), indicating inflowing gas at the disk-halo interface.
RESULTS
We have tabulated results for gas detections at all velocities, but limit discussion in the body of this paper to the IV gas component. The results and figures for the Milky Way ISM component (|v| < 25 km/s) are presented in Appendix A. This low-velocity gas behaves largely as expected for typical disk material, but we examine some noteworthy features of this component as they relate to IV gas.
4.1. Column Density Absorption line measurements reveal how gas column densities vary across the face of the Milky Way's disk. When these measurements are combined with distances to background BHBs, we can also see how column densities vary with height above the disk, providing a 3-dimensional picture of the absorbing gas. Figure 8 shows total column densities for the IV gas component along each sightline, from both an edge-on view (top panel) and projected onto the plane of the Milky Way's disk (bottom panel). The markers are located at the coordinates of the background BHB; in other words, they reflect the upper limit on distance to the absorbing CaII and NaI gas. Results remain qualitatively the same if smaller distances are assumed (see Figure 4 for an example of the effect of distance assumptions on gas cloud coordinates). Colors Figure 8 . Column density measurements along BHB sightlines. Column densities for the IV component (Intermediate Velocity gas, v < −25 km/s). Markers correspond to background BHB sightlines projected onto the x-y and x-z planes of the Milky Way disk. The coordinates for each BHB are plotted in physical kpc units in the plane of the Milky Way; thus any inferred distance to gas absorption along a sightline is an upper limit. Color indicates column density measurements for CaII and NaI in absorption and HI in 21-cm emission. Larger markers indicate sightlines along which more than one component was detected, and their colors represent the total column density of those components. Empty circles denote nondetections. The Sun is marked by a red solar symbol, and black dashes denote lines of constant radius from Galactic center. IV column densities do not uniformly increase with z or BHB distance, implying that most of the gas is closer than the nearest background source at z 3.1 kpc. . CaII and NaI lie close to the disk. The total column density of IV gas detected along BHB sightlines, which have background sources at varying heights above the disk. CaII measurements are marked by blue circles, and NaI measurements by magenta triangles. For sightlines along which no gas was detected, 2σ upper limits on column density are shown with unfilled markers. There is no correlation between the distance probed by a sightline and the total column density of gas, suggesting that most of the gas detected lies closer than the nearest background source at z 3.1 kpc.
indicate the column density of IV gas, with darker colors corresponding to greater column densities and empty circles denoting nondetections. Larger markers represent sightlines with multiple distinct IV gas components which have each been fit separately, and their colors represent the summed column density of those components.
In the x-y plane, most detections of IV gas are grouped together along sightlines outside the solar circle, while very little IV gas is found in the direction towards the Galactic center. This pattern is consistent across the CaII, NaI, and HI tracers. Although CaII and HI detections appear spatially coincident, we find no significant correlation between CaII and HI column densities as one might expect (Pearson r = −0.04, p = 0.86). We speculate that this may be an effect of the 10.8 beam size of the EBHIS HI data, which smears out signal over a large area relative to the 1 slit width for HIRES. Alternatively, the absence of any correlation in CaII-HI column density could be real if the HI is associated with gas in a more highly ionized phase.
Additionally, there is no significant correlation between column densities and the height probed by a sightline. This absence of any trend between total column density along a sightline and the height of the background source above the disk can be seen more clearly in Figure 9 . If the gas were distributed uniformly or exhibited a smooth dropoff with height, we would expect to observe higher column densities along sightlines to more distant background sources. We find no evidence of such correlation (Pearson r = −0.09, p = 0.64), an indication that most of the observed gas lies at a distance closer than z = 3.1 kpc, the distance to the nearest background source. Further support for this picture can be seen in Figure 10 , in which our CaII IV gas column density measurements are overlaid on a map of HI column density from the LAB survey (Kalberla et al. 2005 ). These CaII detections visibly coincide with the edge of two large HI complexes called the IV Arch and the IV Spur, which extend across much of the northern Galactic sky, and are estimated to sit above the Galactic disk at distances of 0.5-3 kpc (Wakker 2001; Kuntz & Danly 1996; Smoker et al. 2011 ). Figure 11 maps infall velocities for the IV gas component, again from both an edge-on view (top panel) and projected onto the plane of the Milky Way's disk (bottom panel). Colors represent the z-component of measured radial velocities (v z = v sinb) in order to show motion directly towards/away from the disk. This survey has been designed to optimize constraints on the vertical component of gas velocities, so transverse velocities are not shown because they are not well-constrained by our experiment. However, results do not differ significantly if the observed radial velocity is used instead. Larger markers indicate sightlines with multiple distinct IV absorption features, and their colors represent the logN-weighted mean velocity of those components. A '+' symbol marks the location of two positive-velocity absorbers just beyond the 25 km/s IV cutoff in CaII and HI for J1223+0002a, and another in CaII at 40.8 km/s for J1258+1939. These absorption features are shown in Appendix B and the parameters of their line profile fits are listed in Table 2 . The distance constraints on our sightlines allow us to look at gas velocities in a unique way by projecting measured velocities on the x-y plane of the disk. As in the corresponding column density plot (Figure 8 ), the location of each point reflects the upper limit on distance to the absorber, which lies somewhere between the background star and the Sun. The location of the Sun is indicated with a red symbol and dashed lines indicate lines of constant radius from the Galactic center.
Kinematics
The IV component we have isolated reveals a distinct pattern in vertical infall velocity. Virtually all of the IV gas within 13 kpc is at negative velocities, falling towards the disk. We detect only two IV CaII absorbers at positive velocities, and a single positive-velocity HI IV absorber just beyond the ISM velocity cutoff (v = 25 km/s). This is consistent with previous findings that gas in this HI complex, as well as the vast majority of IV gas at northern Galactic latitudes, is moving towards the disk (Kuntz & Danly 1996; Albert & Danly 2004; Richter 2017) . We find no correlation between velocity and height above the disk; this provides further support for the picture suggested by our column density measurements in which IV gas sits mostly close to the disk at small heights (see §4.1). Furthermore, we find no correlation between velocity and column density (see Figure  12 ).
IV gas does exhibit a clear infall velocity gradient across the face of the disk which is oriented roughly along the radial axis of the Milky Way. Gas infall velocities at R = 6-10 kpc increase in magnitude farther from the Galactic center (−6.0 ±1.5 km/s/kpc in CaII, −7.0 ±1.7 km/s/kpc in NaI, and −8.8 ±1.3 km/s/kpc in HI). This velocity gradient is especially prominent for CaII and HI, as seen in the bottom panel of Figure 11 . A similar trend appears in NaI, although there are fewer NaI detections overall. The gradient spans velocities from the l = 90 Figure 10 . CaII column density comparison to HI 21-cm map. A map of HI column density at −60 < v < −25 km/s from the LAB survey in grey (Kalberla et al. 2005) , overplotted with CaII IV gas column densities from this work in blue. Each marker represents a BHB sightline, colored by the total IV gas column density along that sightline. Open circles denote nondetections. Larger markers indicate sightlines with multiple distinct IV absorption components, and are colored by the total IV column density of those components. CaII detections correlate with cool gas near the edge of two large HI complexes known as the IV Arch and the IV Spur.
IV cutoff at −25 km/s to −75 km/s, with faster-moving gas detected near the interior of the coincident HI IVCs mentioned in §4.1. In Figure 13 , least-squares linear fits to this gradient for CaII, NaI, and HI show that this gradient is not explained by a geometric viewing effect, which would cause the z-component of observed radial velocities to be smaller for sightlines at lower Galactic latitudes, not larger.
The CaII velocity measurements are overlaid on a map of flux-weighted HI velocities from the LAB survey (Kalberla et al. 2005) in Figure 14 . As mentioned above and shown in Figure 10 , CaII gas detections coincide with a large HI IVC complex, probing an area at the edge of the well-studied IV Arch and IV Spur. The locations of our CaII detections in the x-y plane are spatially coincident with that HI structure and have similar velocity gradients. However, the CaII column densities and HI column densities are not correlated, which may be a result of mismatched spatial scales probed by emission and absorption observations, respectively. Such properties of HI and CaII may indicate that large coherent structures are accreting onto the Milky Way in a manner more complex than a single-slab accreting layer Forbes & Lin 2018) . We explore various galactic fountain scenarios in our Discussion section ( §5.2).
Cloud Size & Distribution
Given that the majority of detections are grouped together at x 8 kpc, it is likely that we are mapping the edge of a large structure > 3 kpc in extent. Such an extended structure may be comprised of many smaller gas cloud fragments or filaments that effectively provide uniform coverage, as is the case for some HVCs (Putman et al. 2002; Stanimirović et al. 2008; Hsu et al. 2011; Wakker 2001 ). The substructure created by these socalled clouds is probably comprised of many interrelated clumps and wisps, rather than discrete structures with well-defined boundaries (McCourt et al. 2018; Fukui et al. 2018; Marinacci et al. 2010; Ben Bekhti et al. 2007 ).
Comparing CaII and NaI detections to existing HI maps provides further support for wispy substructures within clouds that extend beyond the coverage of this survey. Figure 10 shows HI emission from the LAB survey in grey, and such morphology is clearly visible (Kalberla et al. 2005) . Our IV gas detections correlate strongly with the IV Arch and IV Spur HI complexes which extend across much of the northern Galactic sky and contain clumpy substructures with angular sizes of 10-20
• (Kuntz & Danly 1993) . Distance estimates for the HI IV Arch and Spur generally fall within a range of 0.5-3 kpc (e.g. Wakker 2001; Kuntz & Danly 1996; Smoker et al. 2011) , which is consistent with the distance constraint of z 3.1 kpc we have determined for detected gas in this sample. If lowionization Ca and Na can be tied to HI IVCs close to the disk, then measurements of HI gas provide additional spatial constraints. To illustrate this, Figure 4 maps the x-y coordinates of gas assuming a cloud at z=3 kpc, compared to the x-y coordinates corresponding to the upper limit on distance set by the background star. We assume Figure 11 . Infall velocity measurements along BHB sightlines. Infall velocities for the IV component (Intermediate Velocity gas, v < −25 km/s). Markers correspond to background BHB sightlines projected onto the x-z (top) and x-y (bottom) planes of the Milky Way disk. The coordinates for each BHB are plotted in physical kpc units in the plane of the Milky Way; thus any inferred distance to gas absorption along a sightline is an upper limit. Color indicates the component of radial velocity measurements perpendicular to the disk (v LSR sinb) for CaII and NaI in absorption and HI in 21-cm emission. Larger markers indicate sightlines along which more than one component was detected, and their colors represent the mean velocity of those components weighted by column density. IV gas is only detected at negative velocities, with the exception of one absorber just beyond the IV cutoff in CaII and HI, and another at v = 40.8 km/s in CaII. These absorbers are marked by a '+' symbol. Empty circles denote nondetections. The Sun is marked by a red solar symbol, and black dashes denote lines of constant radius from Galactic center. The infalling gas exhibits a clear velocity gradient, especially in CaII. By comparison, the 'ISM' gas shows no such trend (see Appendix A). Column density and z-component velocity for all distinct IV absorption components. CaII measurements are marked by blue circles and NaI by magenta triangles. There is no apparent relationship between the column density of the gas and its infall velocity. Note the abrupt dropoff in CaII and NaI detections at vz 2 km/s, marked by the vertical dotted line. This dearth of cool gas at positive velocities is also present in HI. Figure 13 . A velocity gradient across the disk. IV gas velocities for CaII and NaI detections in absorption and HI 21-cm emission, showing the z-component of measured radial velocity as it varies with distance from Galactic center. For sightlines with more than one IV component, the logN-weighted velocity is shown. Lines show the least-squares fit to the data, revealing velocity gradients of −6.0 ± 1.5 km/s/kpc in CaII, −7.0 ± 1.7 km/s/kpc in NaI, and −8.8 ± 1.3 km/s/kpc in HI.
a cloud height of z=3 kpc for the purposes of demonstration, since our detections place only an upper limit on this value. This figure highlights the significant effect that distance measurements can have on our ability to constrain substructure and cloud size. Connecting CaII and NaI gas with HI lying close to the disk is therefore a useful link that allows us to place tighter constraints on the scale of structures within the larger cloud probed by this survey. Statistical variations in column density can also provide constraints on the size of gas clouds and the uniformity of their coverage across the disk (Rubin et al. 2018a,b) . To show how column densities vary on different scales, we plot the difference in IV gas column density, ∆logN CaII , between each unique pair of sightlines in Figure 15 . NaI and HI are not shown, but the results for those species are similar to CaII. We assume that the gas lies at a height of 3 kpc, as suggested by the trends discussed above. Figure 4 provides an example of how the distance scales in question are affected for a range of assumed cloud heights.
In the top panel, each marker represents the difference in column density for two sightlines separated by some physical distance. Pairs of sightlines with two detections (d-d) are represented with filled teal markers. Pairs with one detection and one nondetection (nd-d) are represented by open gold markers showing the lower limits on ∆logN as determined by instrumental detection limits. The grey bars at the bottom of the plot show the physical separation of sightline pairs with two nondetections (nd-nd). If the spatial sampling density of our sightlines is high enough to probe cloud substructure, we would expect ∆logN to be smaller at pair separations less than the characteristic clump size. We find that column densities differ by up to two orders of magnitude, but there is no strong evidence of density fluctuations on any particular physical scale.
The histogram in the middle panel displays the distribution of sightline pair separations. The full set of all sightline pairs is in black, d-d pairs in teal, nd-d pairs in gold, and nd-nd in dashed grey. Note that the distribution of d-d pairs is skewed relative to the total distribution of sightline pairs. We expect the number of d-d pairs to increase on scales smaller than typical gas structure. The bar graph in bottom panel represents the ratio of the number of d-d pairs to nd-d pairs corresponding to each bin of the histogram above. The ratio is normalized so that it is positive when there are more d-d pairs and negative when there are more n-d pairs. At scales shorter than 0.5 kpc, there are more d-d pairs than nd-d pairs, and there is an inversion of this ratio at scales larger than 0.5 kpc.
The absence of a trend at separations larger than 0.5 kpc is an indication that any existing substructure occurs at scales no larger than 0.5 kpc, approximately twice the average separation between a sightline and its nearest neighbor (0.24 kpc). Similarly, large-scale cloud structures are likely to span areas larger than the ∼ 12.6 kpc 2 covered by this survey. These constraints are consistent with the HI gas structure shown in Figure 10 , where dense clumps have formed on scales smaller than our typical sightline separation and make up a cloud complex which extends beyond the survey area.
Covering Fraction & Volume Filling Factor
We calculate covering fraction as a convenient and simple measure of the projected sky coverage and distribution of IV gas. Before proceeding with the calculation we must recognize that our sightlines extend to varying distances, and this should be taken into account. In this case, we assume that the detected gas lies at z = 3 kpc and therefore all sightlines fully probe these gas clouds, and assert that this is a valid assumption based on the argument laid out in §4.1. See Figure 4 for an illustration of the effect of cloud height assumptions on distance scales.
We must also choose a column density threshold above which the covering fraction will apply. Column density measurements are a mix of detections and upper limits l = 90 (Kalberla et al. 2005) , overplotted with column-density weighted infall velocities of CaII from this work. Each marker represents a BHB sightline, colored by the velocity of IV gas along that sightline. Open circles denote nondetections. Larger markers indicate sightlines with multiple IV absorption components at distinct velocities, and their color represents the mean velocity of those components weighted by column density. CaII detections correlate with the edge of two large HI complexes known as the IV Arch and the IV Spur. A velocity gradient can be seen in CaII, with faster infall velocities nearest the interior the cloud.
representing non-detections. Ideally there should be no upper limits above the chosen threshold, since this does not allow us to categorize that sightline definitively as a detection or non-detection. However, choosing a threshold that meets this criterion would exclude a significant fraction of detections in our sample (see Figure 9) . In light of this we take the following approach: we choose a threshold of logN IV > 11.5 for CaII, which includes all detections and exceeds all but four upper limits, and a threshold of logN IV > 11.3 for NaI, which includes all detections and exceeds all but one upper limit. We treat the upper limits which exceed the threshold as detections and account for this uncertainty in the covering fraction error. The covering fraction error is determined by a standard binomial Wilson score; we calculate the 68% confidence interval treating the upper limits above the threshold as both detections and non-detections, and report the most conservative of those two values.
Using 54 sightlines, we calculate covering fractions of f CaII (logN CaII > 11.5) = 63 +6.5 −14.0 %, f NaI (logN NaI > 11.3) = 26 +5.9 −7.6 %, and f HI (logN HI > 18.7) = 52 ± 5.8%. Other studies of neutral HI clouds in the Milky Way have found smaller covering fractions of ∼20-40% (Murphy et al. 1995; Wakker & van Woerden 1991; Albert & Danly 2004) . Studies of warm HVCs in the Milky Way halo find covering fractions of ∼60-90%, larger than the low-ionization covering fractions we measure Lehner & Howk 2011; Collins et al. 2009 ).
If we use our statistical analysis in §4.3 to make an assumption about cloud size, we can also calculate the volume filling factor, given by
N c is the total number of IV components detected along all sightlines, including six sightlines with two IV components and one sightline with three IV components. We assume that each IV gas detection is a distinct spherical cloud substructure, and that the size of these structures must be smaller than the scales we probe with this survey given the absence of statistical variation in column density described in §4.3. We assign an upper limit of r c ≤ 0.1225 kpc on cloud radius using the average xy-projected distance between a sightline and its nearest neighbor (0.245 kpc). πR 2 s = 12.6 kpc 2 is the disk area covered by the cylindrical survey volume, and we assume the height of that cylinder to be z = 3 kpc since we find no evidence of IV gas at z > 3 kpc. This gives us volume filling factors of F CaII (logN CaII > 11.5) ≤ 0.86 Figure 15 . Column density variations indicate cloud sizes < 500 pc. The spatial variation of logN, which can place constraints on gas cloud size. The physical separation between IV gas along each unique pair of sightlines is calculated assuming all gas lies at z=3 kpc. small compared to the covering fraction we calculate (F CaII ≤ 0.28% vs. f CaII = 63%), the values are not contradictory if cloud sizes are small, as suggested by our analysis of column density fluctuations in §4.3. Even for length scales as short as ∼ 1 kpc the covering fraction of small clouds easily reaches unity, which can explain the high detection rates of low-ion CGM gas if it does in fact clump on scales < 500 pc (Liang & Remming 2018) .
DISCUSSION
5.1. Implications of Small Cloud Size The larger covering fractions and volume filling factors we see for higher ioinization states support a multi-phase picture in which small clumps or droplets of cool gas are suspended within larger clouds or streams of hotter, more diffuse gas. How this gas eventually cools and becomes incorporated into the interstellar medium remains controversial. At T ∼ 10 6 K, thermal line emission can rapidly cool gas until it reaches T ∼ 10 4 K, where the cooling curve drops off steeply (S. Sutherland & Dopita 1993; Maio et al. 2007 ). Maller & Bullock (2004) argue that thermal instabilities naturally arise in the Galactic corona in which cool clouds condense from a hot medium, while Binney et al. (2009) have pointed out that the halo, under most assumed physical conditions, is largely stable to cooling. Instead, it may be that feedback-induced or fountain-induced cooling, in which metal-enriched clouds ejected from the disk mix with coronal material and enhance the subsequent cooling, are the relevant processes driving accretion at the disk-halo interface (Marinacci et al. 2010 (Marinacci et al. , 2012 Fraternali 2017; Howk et al. 2018) . Detailed, global hydrodynamic disk simulations will be critical to resolving the physics of gas accretion and the Galactic fountain (e.g. Fielding et al. 2017; Schneider et al. 2018; Kim & Ostriker 2018) .
The largely empirical picture of cooler, denser gas embedded within warmer, more diffuse clouds may provide insight as to why we have more sparse detections in NaI, which predominantly traces dust and dense-neutral gas (T 1,000 K), than CaII, which traces both denseneutral and warmer ionized gas (T 10,000 K), despite the fact that our sensitivity to both is roughly the same (Murga et al. 2015; Puspitarini & Lallement 2012) . If NaI clouds sit within larger CaII clouds in such a hierarchical structure, then some random sightline is less likely to pass through the NaI cloud (Stern et al. 2016 ). More generally, if the cold phase of CGM gas lies in small, clumpy structures rather than diffuse clouds that fill a larger volume in warm phase gas, then low-ionization clouds must be relatively common in order to explain the detection rates we see.
Currently, most galaxy simulations can resolve scales of ∼500 pc at best and usually do not focus computational resources on resolving low-density gas in the CGM. In general these simulations underpredict the amount of observed CGM ions (e.g. Peeples et al. 2018; Hummels et al. 2018) . Incorporating AGN feedback has improved predictions of high-ion abundances, but simulations still struggle to reproduce low-ion abundances, even for hydrogen (Oppenheimer et al. 2018) . If low-ion CGM clouds do form on scales < 500 pc as our analysis and that of others suggests, then the resolution of CGM gas in simulations must increase by orders of magnitude in order to reflect the hydrodynamics on relevant scales (Marinacci et al. 2010; Crighton et al. 2015; McCourt et al. 2018; Liang & Remming 2018; Sparre et al. 2019) . Recent work has demonstrated that improving resolution to < 500 pc in simulations dramatically changes the characteristics of cool gas clouds (Hummels et al. 2018; Peeples et al. 2018) . As simulations improve and move closer to resolving these structures on stabilization scales, observational constraints on cloud properties like the ones we present here will be useful for testing the accuracy of their predictions.
Gas Origins & The Galactic Fountain
The galactic fountain broadly depicts a scenario in which hot gas is ejected from a galaxy by energetic feedback processes associated with star formation and/or a central supermassive black hole, then re-accretes onto the disk to catalyze new star formation in an ongoing cycle. Our findings indicate a substantial amount of cool extraplanar gas embedded within neutral structures moving toward the disk at distances less than 3.1 kpc. The observed bulk kinematics presented in this study provide clues about the origin and fate of gas at the disk-halo interface. In this section we consider our observations in the context of the 'galactic fountain' and the potential origins of neutral infalling gas. In particular, we examine how the data might be explained by gas ejected from elsewhere within the Milky Way: either by star formation processes throughout the disk, or driven by a central galactic engine. A viable model should be able to reproduce the velocity gradient and lack of column density trends we observe.
One well-established picture of the galactic fountain places the origin of infalling gas at the sites of supernovae explosions throughout the disk. Fraternali (2017) models several variations of the disk-ejection fountain scenario that could produce the velocity gradient we see: in a simple ballistic model, particles ejected vertically from the disk will fall back to the disk at larger radii because of conservation of angular momentum. Since gravitational potential decreases with galactic radius, ejecta at larger radii will reach a greater height. In turn, this material will reach more negative velocities by the time it reaches the disk. Such an effect could produce a radiusdependent infall velocity gradient for cooled, infalling gas. Adding in effects of condensation and drag could mean that these particles also return to the disk at significantly smaller radii. Our data can be explained by a disk-ejection scenario if outflowing gas is in a hotter phase that is difficult to detect with low ion absorption, or if the outflows are time-variable over many Myr as a result of intermittent, clustered star formation, as in the models of Kim & Ostriker (2018) . Although cool outflowing gas has been detected in other local galaxies (Heckman et al. 2000; Martin 2005; Rupke et al. 2005; Chen et al. 2010; Rubin et al. 2014; Bordoloi et al. 2014a) , such outflows may have a patchy distribution across the disk, over which our observations span only a small fraction.
The velocity gradient we observe across the disk could potentially emerge in a central engine scenario as well (Bordoloi et al. 2017; Fox et al. 2015) . In this picture, gas is driven out from the center of the galaxy in a roughly conical region extending above the disk. Gas clouds cooling and condensing at the boundary of the cone at higher galactic radii would also be at greater height above the disk. This would allow gas clouds at greater radii to reach greater velocities by the time they reach the disk-halo interface. The effect would be a similar radius-dependent velocity gradient to the one described for the disk-ejection scenario above, but through a different mechanism. Over time the trajectory of this infalling gas turns toward the potential well at galactic center and begins to move more quickly across the plane of the disk, which is consistent with a lack of detected outflows in the solar neighborhood. Gas clouds which condense further from galactic center would have longer infall times and therefore experience a greater trajectory change, leading to a decrease in z-component velocities as they fall and turn towards galactic center. Although this observed phenomenon emerges nicely in a simple toy model of this scenario, it does not easily reproduce gas that predominantly lies at small z unless a full opening angle of φ > 110
• is adopted for initial gas ejection. A larger sample of halo star sightlines over the full sky would be necessary to fully test this proposed scenario.
In principle, the metal abundance of the clouds we observe could also place constraints on its origin. Gas with low metal abundance may have originated from the IGM, or been stripped from the ISM of Milky Way satellite galaxies (Kirby 2011) . Larger metal abundances would suggest that material has been processed through stars in the disk and ejected via outflows as part of a galactic fountain. Furthermore, the differing elemental yields of sources like supernovae, stellar winds, or AGN could potentially be tied to the relative abundances of various species across time scales of ∼100-300 Myr (Krumholz & Ting 2018; Emerick et al. 2018 ). Unfortunately, determining the metal abundance for the extraplanar gas we observe is overall a very problematic calculation, and our data do not independently constrain the gas metallicity because of the lack of HI in absorption. We refer the reader to Wakker (2001) and Richter et al. (2001) for discussions of metallicity determination in the IV Arch, which is estimated to be approximately solar.
When examining these results in the context of the galactic fountain, it is important to note that our velocity measurements reflect only local conditions and may not be representative of fountain gas in a global sense. Although the vertical gas velocities we measure are constraining in their own right, our sightlines do not capture gas flows in the transverse direction which are also critical for understanding fountain kinematics. However, our well-sampled kinematic measurements reinforce and confirm the observed properties of intermediate-velocity HI clouds, which have been successfully reproduced by galactic fountain models (Marasco & Fraternali 2011; Marasco et al. 2012) . The dynamics of halo gas in the Milky Way are complex, and these scenarios are highly simplified pictures which we have discussed in isolation. In reality gas kinematics are driven by an interrelated combination of several mechanisms which continuously supply the disk with gas.
SUMMARY
In this work we have performed an analysis of cool (T ∼ 10 4 K) gas at the Milky Way's disk-halo interface by examining absorption features of intermediatevelocity (25 < |v| < 75 km/s) CaII and NaI along sightlines to 54 high-latitude blue horizontal branch (BHB) stars at heights of 3.1-13.4 kpc above the disk in the northern Galactic hemisphere. Distance measurements and dense sightline sampling allow us to obtain a 3-dimensional picture of the spatial extent of the gas, which we combine with the excellent resolution of Keck HIRES spectra and compare to HI 21-cm emission maps to constrain the characteristics of CGM gas flows.
1. CaII, and to a lesser extent the more sparsely detected NaI, are spatially coincident with HI emission. The detections are grouped together in the direction away from Galactic center at the edge of two large HI complexes known as the IV Arch and the IV Spur. However, CaII and HI column densities are not significantly correlated, which may be an observational effect of the large beam size of the EBHIS HI survey, or an indication that HI is associated with gas in a more highly ionized phase. 2. We find no relationship between column density along a sightline and distance to the background source, indicating that these gas clouds lie close to the disk at z 3.1 kpc. ( §4.1; Figure 9) 3. We detect virtually no outflowing gas, and inflows at velocities of −75 < v z < −25 km/s. The gas exhibits a clear velocity gradient of ∼6-9 km/s/kpc across the disk which does not correlate with the column density of the gas. ( §4.2; Figures 11 & 13) 4. An analysis of statistical variations in column density suggests that substructure of low ions within warm clouds exists on scales < 500 pc. Most current hydrodynamical simulations do not resolve cool CGM gas on these scales, and greater resolution may be crucial for improving simulations' chronically low predictions for observed low-ion column densities. ( §4.3; Figure 15 ) Note. -Properties of blue horizontal branch stars (BHBs) used as background sources to measure gas absorption. The BHB coordinates are given for a Cartesian system in which the x-axis extends from Galactic center in the direction of the Sun, y is perpendicular to x in the plane of the disk, and z is perpendicular to the disk such that the system is right-handed, with positive z towards the north Galactic pole (see §2.2). HRV is the heliocentric radial velocity of the BHB and b and l are Galactic latitude and longitude, respectively. Coordinates and distance measurements were obtained from the SDSS SEGUE catalog (Xue et al. 2011) . Errors on distance measurements are approximately 10%. † Excluded from sample because of poor data quality A.1. Column Density ISM component column densities are shown in Figure A .1, which can be compared directly with the IV component in Figure 8 . Higher CaII and NaI column density detections are grouped together at positive y values (the direction of Galactic rotation), in constrast to the IV component which has high CaII and NaI column density detections clustered together at positive x values (the direction away from Galactic center). The pattern for HI column densities, which are higher at x < 8 kpc, do not match CaII and NaI for ISM gas as they do for IV gas. The Sun, at x = 8 kpc, is nestled just outside the the Sagittarius spiral arm of the Milky Way, and the elevated HI column density measurements we measure in that direction can be explained by this feature (Vallée 2016 (Vallée , 2017 .
A.2. Kinematics Figure A .2 shows ISM gas component, which again is directly comparable to the IV component results shown in Figure 11 . Detections of Milky Way disk gas ( Figure A. 2) are relatively uniform and show no clear spatial trends in velocity, although most of the gas is moving at negative velocities in the same direction as accreting gas in the IV component. This is somewhat unexpected for normal gas in the disk, which should have an average z-component velocity close to zero relative to the local standard of rest. Therefore, it is possible that these metals are not associated with normal ISM gas and are either slow-moving extraplanar gas that was not separated from disk gas by our |v| < 25 km/s velocity cut, or gas affected by some other phenomenon within the disk (Zheng et al. 2015 ).
Figure A.1. ISM component column density measurements. Column densities for the ISM component (Milky Way ISM gas, |v| < 25 km/s). Markers correspond to background BHB sightlines projected onto the x-y plane of the Milky Way disk. The coordinates for each BHB are plotted in physical kpc units in the plane of the Milky Way; thus any inferred distance to gas absorption along a sightline is an upper limit. Color indicates column density measurements for CaII and NaI in absorption and HI in 21-cm emission. Larger markers indicate sightlines along which more than one component was detected, and their colors represent the mean column density of those components. Empty circles denote nondetections. The Sun is marked by a red solar symbol, and black dashes denote lines of constant radius from Galactic center. Velocities for the ISM component (Milky Way ISM gas, |v| < 25 km/s). Markers correspond to background BHB sightlines projected onto the x-y plane of the Milky Way disk. The coordinates for each BHB are plotted in physical kpc units in the plane of the Milky Way; thus any inferred distance to gas absorption along a sightline is an upper limit. Color indicates the component of radial velocity measurements perpendicular to the disk (v LSR sinb) for CaII and NaI in absorption and HI in 21-cm emission. Larger markers indicate sightlines along which more than one component was detected, and their colors represent the mean velocity of those components weighted by column density. Empty circles denote nondetections. The Sun is marked by a red solar symbol, and black dashes denote lines of constant radius from Galactic center. In contrast to the 'IV' component, the CaII and NaI ISM component does not exhibit any spatial velocity gradient across space. 
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